Introduction
The first step in the development of oil shale deposits is a quality and size survey of the deposit using bore holes. The technique involves drilling many wells, sampling the core at different depths, and determining the oil content in each sample. A very large number of samples is collected by such a survey, so a rapid evaluation method for oil shale samples is required.
Up to now, the quality of oil shale has been determined mainly by the Fischer assay. This assay is carried out by heating 80-100 g of sample in a specific temperature pattern determined by USBM No. 5239. Although the Fischer assay test requires a large amount of sample, the shale oil sample can actually be recovered. Therefore, the Fischer assay is still regarded as the standard method for quality evaluation of oil shale. Many other oil shale evaluation methods have been reported including a thermal decomposition method by Rock Eval 1) , the Gray _ King assay 2) which requires only a few grams of samples, thermogravimetric analysis 3) , and a method using 13 C-NMR (nuclear magnetic resonance) 4) , but none of these has become a standard method.
The Fischer assay requires about 2 h to process each sample, so one apparatus can process only 4-5 samples per day. It is not unusual to collect more than 100 samples from a single well, so much equipment is required to carry out rapid evaluation. Therefore, the survey stage requires a considerable amount of investment. Oil shale is anticipated to provide energy resources in non-oil producing countries which cannot import adequate supplies of crude oil. Most of these countries will not be able to afford many Fischer assay devices. Therefore, a rapid and economical evaluation method which does not require much capital investment would be very useful.
The present study investigated a rapid evaluation method for oil shale using a micro carbon residue (MCR) tester for the Conradson carbon residue to identify samples suitable for Fischer assay.
Materials and Methods

1. Test Device
An MCR tester (ACR-M2; Tanaka Scientific Ltd., Tokyo) specified for the JIS K 2270 micro method (modified ISO 10370) was selected. This tester requires a source of high-pressure nitrogen at more than 0.2 MPa and a flow rate of 600 ml/min. A sample holder is attached to the device and the holder can accommodate up to 12 sample tubes at the same time (Fig. 1) . The measurement conditions are prescribed in the JIS as follows ( The oil shale deposit survey requires testing of a number of oil shale samples. However, the Fischer assay can process only 4-5 samples a day, so the number of samples should be limited. Hence a quick method to screen the samples for the Fischer assay test is required.
The automatic micro carbon residue (MCR) test is proposed as a quick and simple screening method which requires only 100 mg of sample. The MCR test, as specified in JIS K 2270 (modified ISO 10370), can predict the weight loss of oil shale samples in the Fischer assay. Although the MCR test provides only data on the weight loss of oil shale, 12 samples can be processed in 2-3 h, the structure and control are simple, the cost is relatively low, and the equipment is easy to use. There is a definite correlation between the upper limit of oil yield from oil shale and the weight loss of oil shale, so the MCR test can facilitate the rapid screening of a large number of oil shale samples.
Keywords
Oil shale, Kerogen, Screening method, Carbon residue, Micro method, Fischer assay min, when the assay is started, purge in the furnace by opening the solenoid valve C to introduce nitrogen gas at 600 ml/min, then close the valve C after 10 min, and finally sweep the furnace with nitrogen gas at 150 ml/min (Pattern 1). The measurement is fully automatic and the only operation required is to set up the sample holder and press a button. This study also investigated two other sets of measurement conditions, i.e., temperature increase to 500°C over 50 min, steady temperature for 20 min, followed by sweep gas flow rate at 600 ml/min, which is the same condition as for the Fischer assay (Pattern 2); and the same temperature condition as Pattern 2 with the same gas flow rate pattern as Pattern 1 (Pattern 3).
Oil Shale Samples
Six oil shale samples with different Fischer assay oil yields were selected from the world-wide oil shale samples collected in a research program on oil shale by the Japan National Oil Corporation and our in-house research project ( Table 2 ). The oil contents and the weight losses of all oil shale samples had been determined by an automatic Fischer assay device (Model MRF-81W; Ryomei Giken Co., Ltd.). For the MCR test, about 100 mg of sample was transferred to a sample tube for which the tare weight had been recorded with 0.1 mg accuracy and duplicate tubes were prepared for each of the samples. Six samples, 12 tubes in total, were set in the sample holder and the assay was carried out. After the assay was completed, the sample holder was cooled to room temperature and the weight loss was determined by measuring the final weight of each sample tube.
Results and Discussion
1. Correlation between the Weight Loss of Oil
Shale and Oil Yield Retorting of oil shale produces water and gas as well as oil, and the relative amounts depend on the quality of the oil shale. The weight loss reflects the total amounts of oil, gas and water. The production of gas and water is inevitable, so the oil yield is always lower than the weight loss. Our previous Fischer assay 5) tests showed that the oil yield is limited to the level of the weight loss (Fig. 2) and the oil yields are distributed under the line shown in Fig. 2 . The plot shows that the further the dot is from the line, the less oil yield is obtained against weight loss. The plots on the line represent samples containing kerogen with low aromaticity. These results indicate that the upper limit of the oil yield can be predicted by measuring the weight loss, even if the properties of the oil shale are unknown.
Using this correlation, borehole samples can be screened out with lower weight loss than a value decided in advance, which can be selected to allow economical shale oil production. 
2. Measurement of the Weight Loss of Oil Shale by the MCR Tester
The weight losses determined by the Fischer assay of the samples used in this study were distributed in the range between 4.5 and 39.1%(w/w). Figure 3 shows the relationship between the weight losses determined by the Fischer assay and by the MCR test. Six dots per sample, i.e., the duplicate samples for 3 patterns, are plotted. All samples showed no differences between the patterns, so the reproducibility seems very good. The line in the figure indicates when both measurements of the weight loss are equal. The weight loss determined by the MCR test slightly exceeded the weight loss determined by the Fischer assay in samples at 4.5%(w/w), but the measurements of the weight loss were consistent for all other samples. Therefore, measuring the weight loss using an MCR tester could predict both the weight loss determined by the Fischer assay and the upper limit of oil yield.
The results indicate that the most suitable samples for Fischer assay show more than 9%(w/w) weight loss as measured by the MCR test, if the required oil yield is 5%(w/w) and more than 15%(w/w) weight loss for 10%(w/w) oil yield. The MCR tester has many advantages including the small sample size; ease of use with only a balance, nitrogen and electricity required; determination of the weight loss of 12 samples at once; automatic heat up and cool down; only 2-3 h for one cycle, so the test duration per sample is very short (10-12 min); and the MCR tester is inexpensive compared to the Fischer assay tester and other analytical devices. The MCR tester can easily be introduced in locations with poor infrastructure and facilitates rapid screening of core samples, so the efficiency of the survey is expected to improve dramatically by introducing this method.
Conclusion
A test method using only 100 mg of sample based on the automatic MCR tester allows the prediction of the weight loss of oil shale in the Fischer assay. The MCR test can determine 12 samples in 2-3 h, the structure and control are simple, and the tester is relatively inexpensive and easy to use. There is a definite correlation between the upper limit of oil yield and the weight loss of oil shale, so the MCR test facilitates the rapid screening of a large number of oil shale samples collected by an oil shale deposit survey to select the optimum samples for further analysis by the Fischer assay. 
